In the present work, we determine how three well documented models of the 17 magnetospheric electric field, and two different mechanisms proposed for the formation 18 of the plasmapause influence the radial distance, the shape and the evolution of the 19 plasmapause during the geomagnetic storms of 28 October 2001 and of 17 April 2002. 20 The convection electric field models considered are: McIlwain's E51) electric field 21 model, Volland-Stern's model and Weimer's statistical model compiled from low-Earth 22 orbit satellite data. The mechanisms for the formation of the plasmapause to be tested are: 23 (i) the MHD theory where the plasmapause should correspond to the last-closed-24 equipotential (LCE) or last-closed-streamline (LCS), if the E-field distribution is 25 stationary or time-dependent respectively; (ii) the interchange mechanism where the 26 plasmapause corresponds to streamlines tangent to a Zero-Parrallel-Force surface where 27 the field-aligned plasma distribution becomes convectively unstable during enhancements 28
1 and Chen [1975] , (ii) the E51) model derived by McIlwain [1986] from ATS5 and ATS6 2 observations atgeosynchronous orbit, and (iii) the model of Weimer [1996] determined 3 from ionospheric measurements; these empirical electric field models are respectively 4 associated with (i) a centered dipole magnetic field, (ii) the M2 magnetic field determined 5 from geosynchroneous measurements, and (iii) Tsyganenko's [ 1996] magnetic field -6 model determined from various statistical magnetometric in-situ measurements. These 7 models will be briefly described in the next section.
8 In addition to a reliable magnetospheric electric field model, one needs also to have a 9 correct physical theory for the formation of the plasmapause, i.e. a specific physical 10 mechanism that accounts for the observations. Several such mechanisms have been 11 proposed in the past and can be simulated numerically once an E-field model has been 12 adopted. There are other sophisticated models for the magnetospheric electric field distribution:
22 for instance, AMIE developed by Richmond and Kamide [1988] . This popular E-field 23 model was obtained from ground-based (magnetometer and radar) and ionospheric 24 (DMSP satellite) data. Although it might be of some interest to use this additional model, 25 it is not completely clear that ionospheric electric field distribution can be directly 26 mapped up into the equatorial region of the magnetosphere where plasmapause knee start 27 to form. Not only is the actual 3D distribution of magnetic field lines not completely 28 guaranteed, but the existence of field-aligned electric potential drops is likely to 29 jeopardize such a field-aligned mapping of ionospheric E-field into the magnetosphere. 
28
[1967], this led authors to derive an electric field topology, from observed plasmapause 29 positions: e.g. Maynard and Chen [1975] . This led also Goldstein et al. [2002] 27 To determine the total magnetospheric electric field in a non co-rotation frame of 28 reference, the co-rotation electric field must be added to the convection electric field, 29 postulating that these two E-field distributions could be superposed as in vacuum, despite 30 the fact that the dielectric constant and permittivity of plasmas is much larger than that of I free space. However, according to Vasyliunas [2001] this assumption is questionable, 2 since any (external) electric field imposed from outside of a plasma system does directly 3 determine the convection velocity deep inside this plasma system. It is the plasma bulk 4 motion and the generalized Om's law that determine the E-field inside the 5 magnetosphere; this internal E-field distribution does not necessarily coincide with a 6 `simple' superposition of the ionospheric co-rotation electric field, and an external 7 convection electric field induced by the solar wind. Indeed, due to the large dielectric 8 constant, the latter does not penetrate inside the magnetosphere. Although such a simple 9 superposition in a plasma (i.e. a highly dielectric medium) is not consistent with classical 10 electrodynamics of dielectric material, it seems, nevertheless, to approximate the actual 11 magnetospheric E-field distribution with mitigated success, at least this is what was 12 generally considered within the community.
14
The potential of the co-rotation electric field is given by:
(D 92
16 17 Note that it has been inferred from IMAGE observations that the azimuthal velocity of 18 the plasmasphere is often slower (10% in average) than co-rotation in the outermost 19 layers of the plasmasphere . This effect has been tentatively taken into 20 account in some simulations by reducing the co-rotation potential by this ad hoc factor 21 [Pierrard, 2006] . In the present work, however, we will consider that co-rotation is 22 applicable, since all three E-field models have been derived, originally, under such an 23 assumption.
24 In any case, the co-rotation electric field dominates near Earth, where the equipotential 25 lines are closed and almost circular. This is evidenced in Figs. 5, 6 and 7 showing the 26 equatorial contour maps of the total electric potential in a non-corotating frame of 27 reference, respectively for VSMC, E51) and Weimer's convection electric field models 28 every two hours on 28 October 2001.
I
Note the significant differences between all three models. The last closed equipotential 2 has a stagnation point at 18:00 MLT in the dusk sector for VSMC and E51) models, while 3 it is located at later MLT, in the post-dusk local time sector, for Weimer's model. The 4 LCE is everywhere closer to the EaAh for the VSMC model than for the E51) one, for any 5 value of the geomagnetic activity level Kp > 1.
6 The E-field intensity increases to larger value for the Weimer model than for the two 7 other models during this geomagnetic storm. Therefore, the last closed equipotential 8 penetrates closer to Earth for Weimer's model than for the two other models. For the 9 VSMC model, the maximum E-field intensity is located in the morning sector (at 06:00 10 MLT). In the E51) model, the maximum intensity is in the post-midnight sector (around 11 2:00 MLT). Weimer's model also shows a maximum intensity in the post-midnight sector 12 during the first hours preceding the geomagnetic storm similar to that displayed in the 13 E51) model. During the storm main phase, this peak value moves closer to 06:00 MLT in 14 both models. 2 These mechanisms are described in detail in the book by Lemaire and Gringauz [1998] .
3 The early theoretical MHD simulations by Grebowsky [1970] predicted that the evolution 4 of the plasmapause is determined by the ideal MHD motion of the LCE at an arbitrarily 5 chosen initial time to. In Grebowsky's early dynamical simulations, the plasmapause was 6 assumed to coincide with the LCE surface at to. But at any subsequent instant of time, the 7 plasmapause did not coincide with the LCE of the changing convection E-field, unless 8 the magnetospheric convection electric field would be independent of time.
9 Our ideal MHD simulations differ from those of Grebowsky. They resemble more closely to 10 those developed by Rasmussen [ 1992] . We launch plasma elements at 23:00 MLT, every 11 0.15 Re at radial distances ranging from 1.2 to 6 Re along an equatorial radius. The drift 12 path of these ideal MHD plasma elements are calculated from Ex BI B 2 where E and B are 13 respectively the electric field and the magnetic field given by the adopted models. We let the 10 Moreover, we also show the effect of the interchange mechanism on the positions, shape 11 and evolution of the plasmapause during this magnetic storm. substorm events, it may be speculated that during geomagnetic storms characterized by 2 larger Dst variations, the time dependent electric field distribution has an induced 3 component associated to the increase of southward magnetic field which is generated by 4 the lting Current during the main phase. A toroidal induced electric field of smaller 5 intensity and of opposite direction is also expected during the recovery phase of 6 geomagnetic storms. These toroidal induced electric fields cannot be represented as the 7 gradient of a scalar electrostatic potential as most empirical magnetospheric E-field 8 models used above. The effect of such additional time dependent and non curlfree electric 9 field distribution on the plasmasphere and on the formation of the plasmapause, has not 10 yet been evaluated in detail.
11
It is suggested here that such induced electric fields generated during geomagnetic storms 12 are responsible for the lack of satisfactory agreement between the simulations presented 13 in this study based on curlfree electric field models. We suggest that this effect should be 14 examined in the future and included in forthcoming and more comprehensive theories 6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 
